Objective: Human immunodeficiency virus (HIV) partner services are an integral part of comprehensive HIV prevention programs. We examined the patterns of HIV testing and positivity among partners of HIV-diagnosed people who participated in partner services programs in CDC-funded state and local health departments.
Prevention approach, 6 CDC considers partner services a cost-effective prevention strategy and funds state and local health departments to implement HIV partner services. Partner services include an array of prevention activities offered to people with HIV and their partners to help reduce the spread of infection. The primary goals of partner services are to (1) interview HIV-diagnosed people (hereinafter referred to as index patients) and identify their partners, (2) notify partners of their potential HIV exposure and offer HIV testing, and (3) link HIV-positive partners to HIV medical services. In 2008, CDC published the revised recommendations for partner services implementation based on the 1998 HIV Partner Counseling and Referral Services Guide and the 2001 Program Operations Guidelines for STD Prevention 7, 8 that encouraged the coordination of prevention activities for HIV, syphilis, gonorrhea, and chlamydia. 9 HIV partner services are an efficient approach to reach people at risk for HIV, identify undiagnosed infections, 10, 11 and provide a cost-effective HIV prevention and control strategy. 12 For example, a study by the San Francisco Department of Public Health partner services program using data from 2005-2011 showed HIV testing rates among partners ranging from 27.4% to 44.9% and an HIV positivity rate ranging from 13.2% to 50.0%, with an overall positivity rate of 28.3%. 13 Similarly, a study by the New York City Department of Health and Mental Hygiene found that 61% of notified partners were tested for HIV, and 13% of those tested were newly diagnosed with HIV infection. 14 A systematic review of 9 studies that examined the effectiveness of provider notifications found that 63% of notified partners were tested for HIV, and 20% of partners had previously undiagnosed HIV infection (range, 14%-26%). 11 Health departments play a key role in partner services. Partner notification by the health department, instead of by the index patients themselves, is the most effective way to inform partners of their exposure to infection. [15] [16] [17] [18] [19] One study in New York City showed that disease intervention specialists were more successful than were clinicians at notifying partners (70.9% vs 48.3%). 20 Another study showed that when public health workers spend time counseling index patients about the importance of notifying partners, the partners are more likely to be notified. 21 Yet one more study showed that index patients who received HIV partner services were more likely to initiate medical care within 3 months of diagnosis and retain in medical care than those who were not engaged in partner services programs. 22 The wide range of HIV testing rates from the various partner services programs may reflect the availability of resources and the maturity of the partner services programs, along with accessibility of HIV testing services. Similarly, various factors contribute to HIV positivity rates among partners of index patients. [23] [24] [25] [26] [27] For example, differences in HIV positivity rates of tested partners from partner services programs may be attributed to a community's HIV prevalence and the implementation and accessibility of HIV prevention programs. Biomedical factors that are associated with the likelihood of HIV positivity of partners include the viral load and antiretroviral treatment status of the index patient, whether one or both partners have a sexually transmitted disease coinfection, and whether one or both people inject drugs. [28] [29] [30] [31] [32] Limited information about the patterns of HIV testing and positivity among partners is available at the national level. This study examined the demographic and regional patterns of HIV testing and positivity among partners of index patients using client-level data from partner services programs in CDC-funded state and local health departments.
Methods

Data Source and Analytical Sample
CDC provides funds to 61 health departments (50 state health departments and 11 local and city health departments) to implement comprehensive HIV prevention programs, including partner services. We focused on the 55 health departments that successfully reported data in 2013 and 2014 through CDC's National HIV Prevention Program Monitoring and Evaluation system. We examined clientlevel data collected from 42 426 partners who were identified during this period through partner services programs, including those named by index patients (primary partners) and the partners of HIV-positive partners (secondary partners). Of these, 35 557 (83.8%) were deemed notifiable after excluding those who were deceased, were out of jurisdiction, had a risk for domestic violence, or were previously reported as HIVpositive. Among them, 33 568 (94.4%) were notified of their potential HIV exposure. HIV testing data were reported for 23 024 (68.6%) notified partners; of these, 1540 (6.7%) had missing data on demographic characteristics. The final analytic sample consisted of 21 484 partners from 55 jurisdictions with valid data on HIV testing, demographic characteristics, and geographic region ( Figure) . Because data collection for this effort was determined to be a program evaluation activity and classified as not human subjects research by CDC, institutional review board approval was not required.
Variables Analyzed
The outcomes of interest were HIV testing status (ie, whether the partners were tested for HIV) and HIV positivity (ie, whether the partners tested were newly diagnosed HIVpositive). We defined newly diagnosed partners as partners who tested HIV-positive through partner services-initiated testing and had not previously self-reported as HIV-positive or had never been tested for HIV infection. We analyzed the following demographic characteristics: partners' age (13-24, 25-34, 35-44 , and 45 y); race/ethnicity (non-Hispanic white [hereinafter referred to as white], non-Hispanic black or African American [hereinafter referred to as black], Hispanic/Latino, and non-Hispanic other race [hereinafter referred to as other race]); and gender (male, female, or other [ie, transgender and those who did not specify their current gender]). In addition, we categorized the state in which partners received partner services into geographic regions: South, Northeast, Midwest, and West. 33
Analysis
We conducted descriptive and multivariate analyses on the reported partner services data. We first examined the patterns of HIV testing by partners' demographic characteristics and geographic region. Then we assessed the patterns of HIV positivity by partners' demographic characteristics and geographic region. We used univariate logistic regression analysis to calculate crude odds ratios (ORs) and 95% confidence intervals (CIs) for each independent variable to assess its association with the likelihood of being tested for HIV infection and being HIV-positive. We then constructed a multivariate logistic regression model with stepwise selection to assess the adjusted association of the demographic characteristics and geographic region with HIV testing and HIV positivity of partners. We used adjusted ORs (aORs) and their 95% CIs to interpret the final model. We conducted all statistical analyses using SAS version 9.3. 34
Results
A total of 21 484 sexual and/or needle-sharing partners of index patients with HIV testing data were reported by partner services programs from 55 CDC-funded state and local health departments during 2013-2014. Of these, 16 275 (75.8%) were tested for HIV, and 12 886 (79.2%) of them had HIV test results. Among those who had HIV test results, 4503 (34.9%) were newly diagnosed with HIV infection (Table 1) .
HIV Testing Patterns
Partners aged 35-44 (aOR ¼ 0.86; 95% CI, 0.78-0.95) were less likely to be tested for HIV than those aged 13-24. Partners who were male (aOR ¼ 0.89; 95% CI, 0.81-0.97) and other gender (aOR ¼ 0.08; 95% CI, 0.06-0.09) were less likely than female partners to be tested for HIV. Compared with white partners, partners who were black (aOR ¼ 0.68; 95% CI, 0.63-0.74) and Hispanic/Latino (aOR = 0.79; 95% CI, 0.71-0.88) were less likely to be tested for HIV, and partners who were other race (aOR ¼ 1.28; 95% CI, 1.01-1.64) were more likely to be tested for HIV. Finally, partners who received partner services in the South (aOR ¼ 1.56; 95% CI, 1.35-1.80) were more likely than partners who received partner services in the Midwest to be tested for HIV. Partners who received partner services in the Northeast (aOR ¼ 0.28; 95% CI, 0.24-0.32) and the West (aOR ¼ 0.78; 95% CI, 0.66-0.92) were less likely than those who received partner services in the Midwest to be tested for HIV (Table 2 ).
HIV Positivity Patterns
Demographic characteristics and geographic region were significantly associated with HIV positivity of partners in multivariate analyses. Partners aged 25-34 (aOR ¼ 1.19; 95% CI, 1.07-1.32), 35-44 (aOR ¼ 1.35; 95% CI, 1.20-1.52), and 45 (aOR ¼ 1.30; 95% CI, 1.16-1.46) were more likely than those aged 13-24 to test HIV-positive. Compared with partners who were female, partners who were male (aOR ¼ 1.81; 95% CI, 1.64-2.01) were more likely to test HIV-positive and partners who were other gender (aOR ¼ 0.63; 95% CI, 0.41-0.93) were less likely to test HIVpositive. Partners who were black (aOR ¼ 1.52; 95% CI, 1.38-1.66) were more likely to test HIV-positive than partners who were white. Finally, compared with partners who received partner services in the Midwest, partners who received partner services in the South (aOR ¼ 2.18; 95% CI, 1.81-2.65) were more likely to test HIV-positive and those in the Northeast (aOR ¼ 0.68; 95% CI, 0.54-0.86) were less likely to test HIV-positive (Table 3 ).
Discussion
Partner services implemented by CDC-funded local and state health departments in the United States appear successful in providing HIV testing services and identifying previously undiagnosed HIV infection among sexual and/or needlesharing partners of people with HIV infection. One indication of success was the high proportion of partners tested for HIV (75.8%) compared with the rates reported by other partner services programs (range, 50%-63%). 11,13,14 However, there is room for improvement. Nearly 25% of partners were not tested, implying that they were potentially at risk for getting infected (if negative) or exposing their other partners to infection (if positive). The problem is likely to be more pronounced if those not tested for HIV represent a sector of the population who may have limited access to testing services, are marginalized, or are more vulnerable to HIV infection for various socioeconomic reasons. Given these potential problems, it is important that health department partner services programs strive to identify and address the underlying barriers for not testing among partners.
Among partners with test results, 34.9% were newly diagnosed as HIV-positive. Although the high rate of HIV positivity among partners is disturbing and reflects the vulnerability of partners of HIV-diagnosed people, it is also an indication of the success of partner services programs. The result is consistent with previous findings that partner services programs are more effective in identifying a higher proportion of undiagnosed HIV infections than are targeted or routine HIV testing programs. [15] [16] [17] 35 This finding was close to the San Francisco Department of Health's finding of a 28.3% HIV positivity rate among partners. 13 In addition, a study among index patients with acute and early HIV infection found that 33% of partners were newly HIV-positive. 36 However, other studies, including a survey of partner services programs among 44 local health departments from 10 states and a systematic review of 9 studies, reported newly diagnosed HIV-positive partners at 20%. 11, 37 These differences in HIV positivity reflect variations in data collection methods, target population covered, and ascertainment of new HIVpositive partners. Most of these studies relied on small samples or were limited to specific geographic areas; our study depended on routinely collected program data from 47 state health departments and 8 local health departments. In our study, newly diagnosed HIV-positive partners were those who self-reported no prior HIV-positive test results; in other studies, newly diagnosed HIV-positive people were determined by cross-checking the person's HIV status with HIV surveillance records. 13, 36 Overall, older, black, and male partners were more likely to test HIV-positive than their counterparts. This finding is also consistent with the pattern of HIV prevalence 3 and CDC-funded HIV testing programs nationally. 35, 38 Partners who received partner services in the South accounted for 66% of total partners and had the highest HIV testing rate (82%) compared with other regions. This higher rate might be due to efforts by CDC and other public health agencies to expand HIV testing in regions that are most affected by HIV. [4] [5] [6] 39 Partners who received partner services in the South had the highest rate of HIV positivity (40%), which is consistent with the disproportionate prevalence of HIV in this region. The South had the highest HIV diagnosis rate of any US region in 2014, with 51% of all HIV diagnoses reported, despite accounting for only 38% of the US population. 3, 40 Demographic and regional differences in HIV testing rates suggest that barriers exist that prevent some groups from accessing partner services-initiated HIV testing services. People with HIV who know they are infected can get treatment to help keep them healthy for many years. Studies indicate that all people living with HIV, including those with early infection, benefit from antiretroviral therapy. 41 Treatment with antiretroviral medications lowers the level of HIV viral load in the bloodstream, reduces HIV-related illness, and reduces the spread of HIV to others. 42 People living with HIV who know their status can also make other decisions that lower their risk of transmitting HIV to a partner. Adherence to antiretroviral therapy by an HIV-positive person can reduce the chance of transmitting the virus to sexual/needlesharing partners by as much as 96%. 43 This finding reinforces the importance of partner services in identifying new infections among partners of HIV-positive people for timely linkage to HIV medical care.
Nearly two-thirds of partners tested did not have HIV and may continue to be at risk for infection. Pre-exposure prophylaxis (PrEP) has proven to be a highly effective HIV prevention strategy, particularly among people at substantial risk for HIV acquisition, including serodiscordant partners of people living with HIV. 44 As such, partner services programs have a unique opportunity to facilitate linkage to PrEP services for HIV-negative partners of HIV-positive people. CDC-funded health departments were not required to collect data on PrEP services in the past; as a result, the extent to which partner services programs facilitated entry to PrEP services for partners at risk for HIV infection is unknown. It will be important for state and local health departments to capture information on these efforts in the future to help monitor and improve PrEP services.
Limitations
Our study had several limitations. First, although CDC provided recommendations outlining the basic requirements for implementing partner services programs, funded health departments employ different methods and models of partner services, which depend on legislation, local service delivery systems, and/or available resources. A national survey study 37 identified that partner services programs vary in several ways, including (1) whether partner services are integrated for HIV and other sexually transmitted diseases, (2) the degree of collaboration with surveillance, and (3) who is involved in implementing partner services activities (eg, health department only vs health department in collaboration with community-based organizations or private providers). Unfortunately, our current data requirements did not capture these patterns. The variability in models of partner services can differentially affect some of the outcomes discussed in our study. The newly diagnosed HIV-positive rate may, in part, reflect a jurisdiction's ability to effectively use its surveillance system. Second, we determined a new HIV-positive status based on self-report of no prior positive test results. As such, the HIV positivity rate may have been overestimated in those jurisdictions that do not routinely check their laboratory or surveillance records. Lack of this information in current CDC partner services data requirements suggests an area of improvement for future data collection efforts. Third, although CDC's partner services program evaluation data requirements are standardized, data collection approaches and systems vary among grantees. Data systems may not be programmed to capture the complete set of required elements, or extracting and reporting the data to CDC may be challenging. All of these limitations could potentially introduce data biases. Among tested partners in this analysis, 3389 (20.8%) lacked HIV test results. When we compared people with and without HIV test results, we found no difference by demographic characteristics. However, the patterns of missing data on HIV test results varied by geography: 16.4% of people tested in the South, 11.6% in the Northeast, 32.6% in the Midwest, and 47.1% in the West had missing data. Although the effect of this variability is unclear, it is unlikely that HIV positivity is underestimated in the South given the lower proportion of missing data in the region that has the highest HIV prevalence. Finally, the data for this study were limited to CDC-funded state and local health departments and may not reflect the totality of partner services programs implemented nationally.
Conclusions
Our analysis revealed that partner services programs implemented by CDC-funded health departments are successful in providing HIV testing services to more than three-fourths of partners of HIV-positive people. In addition, compared with other routine or targeted testing initiatives, partner services programs have identified higher levels of undiagnosed HIV infection among partners and paved the way for efforts to link HIV-positive partners to care, improve their health outcomes, and interrupt further transmission of HIV infection to others. Demographic and regional differences in partner services-initiated HIV testing and diagnosis of HIV infection suggest differences in the delivery of partner services programs and population-level vulnerabilities to HIV infection. Further analysis may help identify underlying factors contributing to demographic and regional differences in HIV testing and diagnosis of new HIV infection among partners and help improve partner services programs.
